This investigation examined the ability of cells of Bacteroides melaninogenicus subsp. asaccharolyticus 381 to adhere to surfaces that might be important for its initial colonization of the mouth and its subsequent colonization in periodontal pockets. Of 48 asaccharolytic strains of B. melaninogenicus, 47 agglutinated human erythrocytes, whereas none of 20 fermentative strains, which included reference cultures of the subspecies intermedius and melaninogenicus, were active. Electron microscopy indicated that both asaccharolytic and fermentative strains possessed pili; hence, the presence of pili did not correlate with the hemagglutinating activities of B. melaninogenicus strains. Both asaccharolytic and fermentative B. melaninogenicus strains suspended in phosphate-buffered saline adhered in high numbers to buccal epithelial cells and to the surfaces of several gram-positive bacteria tested, including Actinomyces viscosus, A. naeslundii, A. israelii, Streptococcus sanguis, and S. mitis. B. melaninogenicus subsp. asaccharolyticus 381 also attached, but in comparatively low numbers, to untreated and to saliva-treated hydroxyapatite. Addition of clarified whole saliva to suspensions of strain 381 almost completely eliminated adherence to buccal epithelial cells and to hydroxyapatite surfaces, but saliva had no detectable effect on attachment to gram-positive plaque bacteria. Both fermentative and nonfermentative strains of B. melaninogenicus also attached in high numbers to crevicular epithelial cells derived from human periodontal pockets, but normal human serum strongly inhibited attachment. Serum also inhibited attachment of strain 381 to saliva-and serum-treated hydroxyapatite, but it had little effect upon attachment to gram-positive bacteria. These observations suggested that salivary and serum components would strongly inhibit the attachment of B. melaninogenicus cells to several oral surfaces, but not to the surfaces of certain gram-positive bacteria commonly present in human dental plaque. This was confirmed by an in vivo experiment in which streptomycin-labeled cells of B. melaninogenicus 381-R were introduced into the mouths of two volunteers. After 10 min, several hundred-fold higher numbers of the organism were recovered from preformed bacterial plaque present on teeth than from clean tooth surfaces or from the buccal mucosa and tongue dorsum. High numbers of B. melaninogenicus cells were also recovered from preformed plaque after 150 min, but virtually no cells of the organism were recovered from the other surfaces studied. These data suggest that the presence of dental plaque containing Actinomyces and other gram-positive bacteria may be essential for the attachment and colonization of B. melaninogenicus cells after their initial introduction into the mouth. Similarly, the presence of subgingival plaque containing gram-positive bacteria may be necessary for its secondary colonization in periodontal pockets. 
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B. MELANINOGENICUS ATTACHMENT TO ORAL SURFACES 13). These organisms are infrequently isolated from humans before puberty (1, 10) . The relatively high proportions of B. melaninogenicus subsp. asaccharolyticus found in periodontal pockets and the potential of this organism to synergistically produce mixed anaerobic infections in experimental animals (5, 14, 23) suggest that it may play an important role in the etiology and pathogenesis of periodontitis.
Little is known about the parameters that influence the colonization of B. melaninogenicus in periodontal pockets or in other sites of the mouth. Factors that have been assumed to be important for the establishment and regulation of oral microbial populations include nutrition, pH, Eh, the presence of antibacterial secretions, and microbial interactions (8, 12) . Although certain nutritional, physical, and chemical conditions must be met to permit growth of oral organisms, these factors do not appear to be sufficiently selective to explain adequately why only distinct types of gram-negative anaerobic rods predominate in deep periodontal pockets and why differences exist in the types of bacteria present in gingival pockets of patients with different clinical types of periodontal disease (16, 17, 20, 21) .
Several recent studies have indicated that the ability of bacteria to attach to surfaces is an important ecological determinant which influences their colonization in environments that contain a fluid flow (8) . Oral streptococci and other bacteria attach with a high degree of specificity to teeth and to oral epithelial surfaces, and the relative adherence of each species studied to date correlates with their natural patterns of intraoral colonization (8) . However, nothing is known about the ability of B. melaninogenicus to adhere to surfaces present in the mouth. Okuda and Takazoe (18) Samples of the bacterial suspensions (1.0 ml) were added to the pretreated HA beads, and the mixtures were continuously inverted for 2 h; preliminary experiments indicated that this tirne period ensured equilibrium. The beads were then washed three times with buffered KCl to remove unattached bacterial cells. Samples of the original bacterial suspensions were counted with a Packard Tri-Carb liquid scintillation spectrometer so that counts per minute could be related to bacterial cell number. The number of bacteria that attached to the HA was also determined by scintillation counting; these values were corrected for quench caused by the HA. The number of bacterial cells attached per square centimeter of the saliva-or serum-treated HA beads was then calculated.
In vitro adherence between bacterial species. Organisms tested for interspecies adherence were washed twice and suspended in PBS to yield suspensions having an optical density at 550 nm of 1.0. Mixtures containing 0.1 ml of each bacterial suspension and 0.1 ml of PBS were prepared and incubated at 37°C for 60 min in a shaking water bath. Because several of the strains studied autoagglutinated, it was not possible to evaluate interspecies adherence by the formation of macroscopic aggregates. Consequently, the attachment of gram-negative organisms to grampositive species was determined by examination of In vivo adherence of streptomycin-resistant B. melaninogenicus subsp. asaccharolyticus 381-R to dental plaque and to clean tooth, buccal, and tongue surfaces. Cells from a 48-h broth culture of B. melaninogenicus 381-R were washed twice and suspended in PBS at a concentration of 107 organisms per ml. Samples (1.0 ml) of the bacterial suspension were introduced into the mouths of two volunteers (J.S. and R.J.G.), who distributed it throughout their mouths for 5 min before expectorating. Calgiswab samples were taken from clean molar surfaces and from buccal and tongue surfaces 10 and 150 min later. Samples of supragingival plaque were also collected with a periodontal scaler. The samples were dispersed in prereduced Ringer solution using continuously anaerobic techniques as described by Manganiello et al. (15) . Reference samples of appropriate dilutions were plated in duplicate on Todd-Hewitt blood agar plates with and without 250 yg of streptomycin per ml. After 14 days of anaerobic incubation, total cultivable colony counts were determined on the blood agar plates, and the numbers of colonies of B. melaninogenicus 381-R were enumerated on the plates that contained streptomycin.
RESULTS
Hemagglutinating activities of strains of B. melaninogenicus. A total of 68 strains of B. melaninogenicus, which represented fresh isolates from subgingival plaque and tonsillar swabbings as well as reference cultures, were examined for hemagglutinating activity. Of the 68 strains, 47 strongly agglutinated human type A erythrocytes, whereas the remaining 21 strains were inactive. All strains that possessed hemagglutinating activity failed to ferment glucose and apparently were representatives of the subspecies asaccharolyticus. In contrast, 20 of the 21 nonhemagglutinating strains were fermentative, the exception being B. melaninogenicus subsp. asaccharolyticus 536-B, which had originally been isolated from a perirectal abscess.
Six representative asaccharolytic strains which possessed hemagglutinating activity and six saccharolytic strains lacking this activity were examined for the presence of pili in negatively stained preparations by electron microscopy by Z. Skobe, Forsyth Dental Center. Pili were present on all strains examined, including strain 536-B and others lacking hemagglutinating activity (Fig. 1) Partially purified pili preparations derived from B. melaninogenicus subsp. asaccharolyticus 381 possessed strong hemagglutinating activity. When examined by electron microscopy, these preparations were found to consist of large numbers of aggregated pili mixed with globular material. Attempts to eliminate the globular particles by ammonium sulfate precipitation (4) or by isoelectric precipitation at pH 3.8 as described by Brinton (3) were unsuccessful. The strong hemagglutinating activity possessed by partially purified pili preparations derived from strain 381 is consistent with the contention of Okuda and Takazoe (18) Adherence of B. melaninogenicus subsp. acaccharolyticus 381-R to oral surfaces in humans. When suspensions of streptomycin-resistant cells of B. melaninogenicus 381-R were introduced into the mouths of two volunteers, the highest numbers of labeled organisms were recovered from the surfaces of preformed supragingival dental plaques (Table 6 ). In contrast, virtually no Bacteroides cells were recovered from clean tooth surfaces or from swabbings of the tongue dorsum or buccal mucosa 150 min after introduction of the mixture, even though the surface area of the tongue and buccal mucosa samples was far greater than that of dental plaque (Table 6 ). Labeled B. melaninogenicus cells were repeatedly recovered from samples of plaque from both individuals up to 3 weeks later. At that time, the labeled strain was eliminated from one subject (J.S.) during the course of tetracycline therapy; it persisted in the second individual (R.J.G.) for 8 weeks, but then became undetectable. These observations, therefore, indicate that colonization had occurred, and they are consistent with the in vitro studies that suggest that B. melaninogenicus subsp. asaccharolyticus strains primarily attach to receptors present on the surfaces of other bacteria in dental plaque.
DISCUSSION
The eventual colonization of a bacterial species in a periodontal pocket may be theorized to follow several steps. Upon initial introduction into the mouth, some cells of the species probably must attach to an oral surface exposed to saliva to initiate colonization. If this initial event occurred on a tooth surface near the gingival margin, progeny of the organism could enter the gingival crevice or a periodontal pocket by spreading proliferation of the microbial plaque. If initial colonization occurred on an oral mucosal surface, dislodged progeny present in saliva must then attach to the tooth near the gingiva so as to proliferate into subgingival sites. Rather than being dependent upon apical growth of attached cells, motile organisms might be able to enter subgingival environments by using their locomotion. It is also conceivable that organisms could be introduced into periodontal pockets by the forces of mastication, by oral hygiene procedures such as toothbrushing, or by use of dental instruments, etc. Such procedures might also transfer organisms from one periodontal pocket to another.
The present study investigated the ability of B. melaninogenicus subsp. asaccharolyticus 381 to attach to surfaces that might be important for its initial oral colonization and for its subse- (19, 24, 25) . Similarly, Bladen et al. (2) The findings of the present investigation have some direct clinical applicability. The observation that B. melaninogenicus and probably certain other gram-negative organisms appear to preferentially colonize gram-positive bacteria present in dental plaque underscores the necessity of supragingival plaque removal for reducing the colonization of gram-negative bacteria. The data further point to the need to control adherent gram-positive bacteria present in both supraand subgingival sites, for they appear to serve as attachment sites that promote colonization of B. melaninogenicus cells and possibly other gram-negative organisms.
